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Abstract 
Sea level rise is becoming more of a relevant topic within urban planning as projections 
for climate change solidify. In addition to these findings, environmental justice literature 
demonstrates that not all populations will be affected equally: communities of color and lower 
socioeconomic backgrounds are exposed to greater risks. While urban planners are proposing 
initiatives ranging from resiliency reports to design solutions, there is little attention towards land 
use regulations as a way to reduce vulnerability. The purpose of this paper is to analyze how land 
use affects the social vulnerability of neighborhoods in New York City towards sea level rise. 
The findings of the quantitative analysis suggest that residential use and industrial use pose a 
strong relationship with vulnerability towards sea level rise. Through the use of qualitative 
methods, my research provides policy recommendations that incorporate environmental justice 
to address risk of those who are most vulnerable. These include considering inequitable zoning 
in industrial use areas and incorporating sea level rise into different types of residential densities. 
This framework provides the tools for addressing mitigation strategies through an equitable and 
long-term perspective. 
 
Keywords: Environmental justice, land use, vulnerability, zoning, mitigation, sea level rise, 
geospatial statistics. 
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Note From The Author 
As an environmental planning researcher, I believe that academia cannot solely rely on 
data analysis to provide explanations towards a research question. But rather, it is important to 
supplement qualitative methods to help explain where data falls short. Therefore, my quantitative 
analysis functions as a guide to aid the direction of my qualitative research. In addition, by 
working locally, I was able to gain a significant amount of insight from the neighborhoods I 
researched and by doing so, I was able to work with New York’s environmental justice data, all 
which was very familiar to me. 
 My interviews with urban planners were a crucial part of this thesis as they informed me 
in ways that archival research could not. I learned planners’ different opinions about the 
shortcomings of their projects (for this reason I omitted their names as a part of their identity) 
and the work that is currently being done in zoning and land use to address sea level rise. This 
process guided my research in highlighting the gaps in the above initiatives as well as current 
zoning amendments. 
From this research, I hope to offer an alternative lens, through which urban planners can 
enforce zoning that considers environmental justice and sea level rise. Perhaps these findings can 
shed light on the positive effects of transformative land use regulations and the potential 
strengths of zoning in reducing vulnerability towards sea level rise for populations of color, 
minority groups, and low-income communities.  
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Chapter 1. Introduction 
In order to understand what makes some neighborhoods more vulnerable than others, this 
paper looks beyond just noxious land use as a key indicator of risk and focuses on the impact of 
land use patterns as a whole to determine vulnerability to sea level rise. Among the different 
types of uses: industrial, open space, residential, commercial, and mixed use, which land use 
category contributes to the highest amount of vulnerability? Which type of land use should be 
prioritized for zoning changes to increase sea level rise resiliency? What are some zoning 
amendments that could reduce the vulnerability of populations at risk?  
By further analyzing this correlation, urban planners will have a stronger sense of 
implementing effective zoning amendments as one possible tool for preparing neighborhoods 
that are more vulnerable towards the impact of sea level rise. Rather than building infrastructure 
that can “bounce back,” such as previous disaster recovery methods (see 1992 Northridge 
Earthquake), these adaptive measures will provide the framework for a transformative set of 
resiliency tactics. In addition, the building codes and zoning amendments established after 
Hurricane Sandy were only preventative measures focused on design and material. Instead, this 
study will propose urban planning methods focused on land use and zoning amendments that 
address issues related to spatial segregation and inequitable zoning. Rather than focusing on 
bricks-and-mortar type of solutions against major flooding and hurricanes, this report will offer 
tools for transitioning into climate change mitigation efforts by also proposing recommendations 
based on an environmental justice perspective. 
 In the current environmental justice literature, there has been extensive research on the 
public health effects of the noxious use of land in vulnerable neighborhoods. This refers to 
inequitable land use under environmental justice defined by the EPA as “the fair treatment of 
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people of all races, income, and culture with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and policies” [EPA, 2016]. However, less 
research has been done on whether or not neighborhoods with inequitable land use, such as the 
previously heavy industrial-zoned neighborhood of Red Hook, Brooklyn, will face greater risks 
towards sea level rise. How much does land use play a role in increasing the vulnerability of 
neighborhoods?  
Background 
The history of racial segregation and the beginning of inequitable land use gave rise to 
the current research on environmental justice. Not only does this disparity produce current 
negative impacts, but it also accumulates different types of risks that are exacerbated by future 
events such as sea level rise and temperature increase. For urban planners, this means, first, 
understanding noxious land use and the historical effects on marginalized communities. Who are 
the affected populations? What are the needs of these certain groups? And second, planners have 
previously suggested sustainable zoning amendments that strive to desegregate neighborhoods in 
order to reduce risk (Jabreen, 2013) but we must investigate why these policies have failed. 
However, prior to engaging in policy recommendations, planners must define the term 
“resiliency” in order to produce climate change adaptation and mitigation plans that are 
equitable, inclusive, and just (Pelling, 2011), (later discussed in Chapter 2). This means the goals 
and strategies of the researchers should cater all marginalized populations and work towards 
desegregating neighborhoods. This study will use the definition of “mitigation strategies” to 
distinguish itself from the idea of “bouncing back” often associated with the term “resiliency.”  
New York City has experienced a number of floods and hurricanes and with its long 
history of noxious, industrial land use, there have been detrimental public health effects on 
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nearby residents (Maantay, 2001). With new emerging research on climate change (Hansen, 
2016; NPCC 2015), climate scientists predict sea level rise is occurring at a much faster rate than 
previously perceived–adding urgency to this issue. However, preparing for these events are often 
left out of disaster policy explained by the concept of disaster amnesia (Davis, 1998). 
The most vulnerable populations are understood to be groups such as people of color, the 
elderly, low-income, and non-English speaking households (Baker, 2016). By implementing 
transformative risk management solutions, vulnerable populations will be better equipped for sea 
level rise. My analysis will contribute to zoning policies that are sustainable and equitable. This 
means addressing vulnerable populations who have historically lived near toxic sites that have 
been used for industrial purposes. On the other hand, more affluent neighborhoods tend to live 
near parks and public spaces, which contribute to a greater and healthier quality of life. What are 
the implications of this disparity in the context of climate change? How can urban planner build 
resiliency using urban planning tools such as adaptive zoning amendments while keeping in 
mind this segregation that must be reversed? 
Research Design  
 This study is based on a mixed-methods research design. The first part is composed of a 
statistical, quantitative analysis and the second part is a qualitative analysis based on interviews. 
The results will then be used to make policy suggestions towards equitable and adaptive zoning 
measures.  
Data Collection 
This study will use PLUTO data, derived from NYC Open Data, to estimate the 
percentage of land use for different neighborhoods in New York City in the year 2014 using 
ArcGIS. In addition, this study will use data derived from the Agency for Toxic Substances and 
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Disease Registry (ATSDR) in order to measure the social vulnerability index for the same New 
York City neighborhoods in the context of sea level rise. Both sets of data were collected in 2014 
and they will both use census tracts as the unit of analysis.  
Quantitative Analysis 
 This test will run a regression in order to analyze the correlation (or lack thereof) between 
land use mix and the social vulnerability index. Land uses are the independent variables and will 
include the percentage of residential, industrial, commercial, mixed-use, and open space in each 
of the selected census tracts in New York City. The dependent variable will be the social  
vulnerability index of each census tract. This index is the total of all the themes of vulnerability 
including: socioeconomic status, household composition and disability, minority status and 
language, and housing & transportation. The sample size is 606 census tracts which only 
includes census tracts that are within a ten-foot elevation above sea level. I will be using ten foot 
contour lines for the purpose of this project after combining six feet of sea level rise with a 
potential four-foot storm surge. I have chosen this scenario because 1) the highest projections of 
the New York City Panel Climate Change (NPCC) and the National Oceanic and Atmospheric 
Administration (NOAA) predicted a sea level rise of around six feet and three inches by 2100, 
and 2) the storm surge for Hurricane Sandy was around eight feet at the Battery (Sweet et al., 
2013). Therefore, with a combination of sea level rise of six feet and a less intense storm surge of 
four feet (compared to Hurricane Sandy), a ten-foot elevation can easily be reached by modest 
storms before the end of the century. I will run a regression based on geospatial statistical tools 
on ArcGIS in order to spatially visualize the data. These results will be analyzed and will help 
guide the qualitative section of this research to understand which land use types affect social 
vulnerability. 




Based on the results of the quantitative analysis, the qualitative methods will focus on 
deriving an explanation for the above results. I conducted nine interviews with urban planning 
professors, planners from nonprofits, planners from the public sector, and residents (see 
Appendix E). The interviews had two goals. The first was to use the collected answers to explain 
why a certain type of land use contributes to or reduces sea level rise vulnerability. The second 
goal strived to understand the current projects and actions aimed at addressing noxious land use 
and environmental justice in the context of sea level rise. Some of the interview questions are as 
follows: 
1. What are some of the shortcoming in the measures that the city is taking to prevent 
noxious land use and address environmental justice? 
2. Do you think that the green zoning amendments enacted in 2012 are effective in 
addressing noxious land use? 
3. Do you think that the EIS, ULURP, and CEQR processes are effective in addressing sea 
level rise? Are there aspects of this process that can be improved? 
4. What are some urgent environmental problems in the community you work for? Have 
they been addressed effectively in the past two decades? 
5. What policies would you suggest to address inequitable land use? Any zoning 
amendments specifically that would help further the goals of your projects?  
6. Do you believe your organization is representative of all demographics within the 
neighborhood residents? Are there any minorities that are underrepresented? 
 
I also interviewed professors from Columbia University and researchers from think tanks 
such as the Earth Institute. The interviews revolve around their work on sea level rise and 
noxious land use and whether or not they believe the public sector is effectively addressing this 
issue. In addition, I attended meeting and spoke to community members who have experienced 
flooding in their neighborhood in New York City. The interviews aim towards understanding 
whether or not residents feel represented in their community’s dialogue about sea level rise and 
if they are involved with environmental organizations. This interview procedure uses the 
snowball method to ask questions from residents and find additional contacts to interview.  
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Chapter 2. Literature Review and Conceptual Framework 
The research on the relationship between land use and resiliency has branched out to 
integrate with a number of different disciplines. Scholars have studied inequitable zoning within 
the field of environmental justice and provided findings related to land use and vulnerability. 
Furthermore, researchers study land use regulations in order to understand the implication of 
planning policy towards disasters exacerbated by sea level rise and climate change in general. 
This section will explore research conducted on identifying the impact of land use regulations on 
sea level rise vulnerability and how the methodology of the aforementioned researchers can be 
related to this study. 
 The current environmental justice literature informs urban planners about the problems 
tied to spatial segregation. One such framework to understand this phenomenon is based on 
applying the prominent concept of spatial justice to urban planning. Such an approach informs 
planners that space is constantly creating inequalities (Soja, 2010). When this idea of spatial 
justice is further applied to environmental planning, it can help reveal the unequal distribution of 
risk. Hutson et al., (2008) describe the accumulation of risk in vulnerable neighborhoods as 
“riskscapes” that “burden poor communities of color in New York. Living in or exposure to 
these riskscapes lead to poor populations of color being the most vulnerable to the effects 
of...manmade and natural disasters, and climate change” (213). As a result, certain 
neighborhoods are more vulnerable to climate change than others and more often than not, these 
are the communities who do not have a voice in influencing adaptation and mitigation plans. 
This paper will expand on the concept of how neighborhoods in New York City are not all 
equally affected by sea level rise and will delve into suggestions for the following statement 
from: “Public health, urban planning, and environmental law must work together to understand 
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how zoning reform can be used to decrease inequitable development, metropolitan 
fragmentation, and health disparities in urban environments” (214). 
Another similar viewpoint is the concept of long-term planning that involves 
intersectionality through transformation and asset-vulnerability. As notably articulated by urban 
social anthropologist Caroline Moser, the concept of long-term planning involves 
intersectionality through transformation and asset-vulnerability (Moser, 2011). The asset 
vulnerability analytical framework revolves around socioeconomic factors and attempts to 
address this issue through both top-down (city level, private sector) and bottom-up strategies 
(residents, communities, and households) strategies. Vulnerable populations tend to live in areas 
that accumulate risk as Moser explains, “The more assets a society has, the less vulnerable it 
generally is” (6) and one way of reducing their vulnerability is to increase their assets. Although 
both Hutson and Moser agree that some populations are more vulnerable than others, Hutson 
looks towards the historical consequences of inequitable zoning, or a spatial analysis of social 
and economic inequity, while Moser addresses the lack of assets, a more material analysis, 
within the neighborhood. These existing theories pose a shortcoming individually; but when 
combining the two concepts, a deeper reaching analysis can be conducted on the effects of 
segregation on vulnerability.  
 In terms of methodology, Klinenberg’s (1995) Heat Wave stands as an extremely 
influential piece of literature within sociology of disasters. Through a series of interviews and 
sociological research, Klinenberg successfully illustrates that “people didn’t just fall into 
categories of greater or lesser risk, they also lived and died in specific neighbourhoods whose 
(poor social and economic) characteristics affected their chances of survival” (285). This finding 
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raises greater question of land use and zoning amendments that have created an extensive divide 
between those who are vulnerable to climate change and those who are not.  
 Research conducted on the relationship between zoning and resiliency addresses issues in 
land use planning. These problems are mostly related to disaster risk that is studied independent 
of climate change. For example, one idea on land use and resiliency advocate the involvement of 
local governments during post-disaster recovery in order to restructure policies and minimize the 
potential damage of a future disaster (Olshansky and Chang, 2009). Although these studies are 
pertinent and influential towards disaster risk, further policy research must be done on the 
relationship between land use planning and climate change, or in this case, sea level rise 
specifically.  
In addition, there are several reasons why some neighborhoods are more vulnerable than 
others. In their study, the two authors identify who is affected by environmental inequities and 
why they live in environmentally undesirable communities (Fricker and Hengartner, 2001). This 
research has had numerous contributions such as empowering communities and focusing on 
hazardous site clean-ups. However, this research lacks a concrete understanding of a policy-
oriented restructuring of zoning amendments that aim to solve inequalities. Therefore, by further 
testing which types of land use is provoking this inequality rather than only focusing on 
manufacturing uses, planners can formulate effective zoning policies to avoid increased levels of 
vulnerability. This paper focuses on zoning as a main predictor within the census tracts in order 
to explore all types of land use rather than simply industrial. Fricker and Hengartner also had the 
issue of using census tracts that were related to physical features such as highways or train tracks 
where residents do not live. Similar to this study, I will only be assessing areas where people 
reside rather than land occupied by physical features. However, surrounding physical features 
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can have adverse effects on nearby residents such as the negative effects of Significant Maritime 
and Industrial Areas (SMIAs) on nearby residents living in the six manufacturing areas in New 
York City (Bautista et al., 2014). 
Elevation plays a significant role in determining the race and income of a neighborhood. 
For example, the altitude theory (Burgess, 1929) illustrates people’s higher willingness to pay to 
move away from the city-center and into higher, or hillier, elevations. This migration creates a 
socioeconomic divide between wealthier residents, who are now able to enjoy cleaner air and 
less flooding, and low-income, minority populations in lower-lying areas. Also, research on the 
relationship between land elevation and rental value (Blumenfeld, 1948) shows that rent prices 
are higher at higher elevations. The results of these findings suggest that communities of lower 
socioeconomic backgrounds are associated with lower-lying areas. The historical trends between 
elevation and socioeconomic levels raises greater questions of today’s concerns regarding sea 
level rise. If low-income residents have historically lived near lower lying areas and waterfronts 
as a result of land use, then are these communities at a greater risk of sea level rise?  
Another crucial example of the historical context of land use regulations is the influence 
of private property and capitalistic development. The study of private property and land use 
control (Plotkin, 1987) illustrates that the real estate market is given the power to steer land use 
regulations. Plotkin offers a Marxist approach arguing that land use policy has resulted in 
exclusionary consequences since such regulations catered to the growth of capital and 
development.  
These studies highlight the fundamental misuses of zoning tools, by pointing out the 
consequences of these misuses. Understanding the critiques of the motives and functions of 
zoning, we can apply its functions to today’s neighborhood formation and how these results 
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affect who is most vulnerable to sea level rise and why. Only through these interpretations can 
urban planners provide transformative tools for addressing climate change and break the mold of 
the traditional use of zoning. This study will utilize the findings of the mentioned authors in 
order to apply alternative zoning methods that are not profit-driven, but rather serve to protect 
those who are most vulnerable from impending and recent sea level rise.  
Given the historical and zoning context of minority neighborhoods, what are the 
implications of these influences given the accelerating threat from sea level rise? Thus far, 
research has identified the environmental hazards of inequitable zoning; however, we must apply 
these studies to the concept of climate justice in order to better understand the unequally 
distributed consequences of climate change.  
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Chapter 3. Spatial Patterns of Land Use and Vulnerability 
This study focuses on the use of geospatial analysis to create maps for visual references 
using ArcMap. In order to visualize the spatial component of the given data, land use and 
vulnerability, a geospatial analysis provides the tools for a geographical type of data exploration. 
Do some census tracts in New York City have a consistently high vulnerability when near a 
particular type of land use? Are there any hotspot areas? Where can we find a higher than 
expected proportion of vulnerability in a city and is it related to land use? A spatial regression 
can identify the relationship between two variables in a given space. It also takes into 
consideration how much a census tract is influenced by its neighboring census tracts. This 
research observes the spatial relationship between two variables: land use as the independent 
variable and social vulnerability, SVI, for the dependent variable. The regression is run in the 
context of sea level rise in New York City since only the 606 census tracts out of a total of 2,193 
for New York City that lie within a ten-foot elevation are included in the study area. Therefore, 
this research is based on the effect of land use on vulnerability on the basis of spatial analysis. 
Study Area: PLUTO and DEM Dataset Study Area 
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 The land use data was 
derived from the New York City 
Open Data portal for the year 
2014. Because the land use data 
set was on the lot level rather 
than the census tract level, the 
study calculated the total 
percentage of the square foot of 
land use type for each census 
tract. Therefore, this step allowed 
the unit of analysis (census tracts) to 
match that of the SVI data set 
(explained below). The land use types 
that were taken into account were 
residential commercial, mixed, open 
space, and industrial (see Appendix 
A).  Map 3.1 shows the ten foot 
contour lines that were used to overlay 
on the census tracts as seen in Map 
3.2. As a result, there were a total of 
606 census tracts intersecting the 
contour lines that were chosen for 
this study as shown in Map 3.3. 
Map 3.2 - Ten-Foot Contour Lines Intersecting Census Tracts (Source: DEM 2013 
and SVI 2014 Census Tracts) 
Map 3.1 - Ten-Foot Elevation Contour Lines (Source: Created by the Author) 
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Data: Social Vulnerability 
Index  
 This study uses the 
Social Vulnerability Index 
(SVI) data to account for 
vulnerability in New York 
City for the year 2014 
(Cutter, 2003). As mentioned 
previously, the vulnerability 
index is based on four 
themes: household 
composition, socioeconomic 
status, housing/transportation, and race/language. Each of these themes had an equal influence in 
creating the Social Vulnerability Index. The Agency for Toxic Substances and Disease Registry 
(ATSDR, 2013) defines vulnerability as factors such as “poverty, lack of access to transportation 
and crowded housing may weaken a community’s ability to prevent human suffering and 
financial loss in the event of disaster” and they use U.S. Census data to quantify these factors 
through geospatial research. Each census tract is given a composite index that includes the four 
identified themes. This dataset is often used for emergency planning and preparedness. With the 
given information, planners and communities can identify what the needs of a community would 
be in the event of a disaster (man-made, natural, or disease outbreak). However, this study uses 
SVI data for the purpose of understanding vulnerability in the case of a ten-foot coastal flooding 
made up by any combination of sea level rise and storm scenarios. The most vulnerable places in 
Map 3.3 - The 606 Census Tracts Chosen for the Study Area (Source: SVI 2014 Dataset) 
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New York City for all four SVI themes of vulnerability are the census tracts in the Bronx, parts 
of Brooklyn in Coney Island and the Rockaways portions of Queens as seen in Map 3.4. In this 
case, the index ranges from zero to four, which represents low levels of vulnerability to high 
levels of vulnerability. This scale applies to the four themes (at times with a different range) that 
create the overall index. Additionally, the top 10% most SVI-vulnerable census tracts are 
indicated in red in Map 3.5 with a total population of 289,538. There are clear trends with these 
areas as they consistently score high in all four SVI themes (see Appendix B). 





Map 3.4 - Social Vulnerability Index New York City 2014 (Source: SVI 2014 Dataset) 
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Map 3.5 - Social Vulnerability Index with top 10% most vulnerable census tracts (Source: SVI 2014 Dataset) 




 Prior to conducting the regression analysis, the compiled data provided important 
information on the level of risk the study area faces and foreshadowed the possible severity of a 
six-foot sea level rise plus four-foot storm scenario. First, the census tracts that fall under the ten 
foot (sea level rise plus storm surge) scenario are composed of 50% of the total square footage of 
New York City and include 48% of the total population of New York City (for a breakdown of 
the affected land area and population percentage for each borough see Appendix C). These 
statistics suggest urgency to the issue of the possible intensity of a combination of sea level rise 
and storm, as a large portion of all five boroughs will be impacted. Second, the study observes 
the top 10% most vulnerable census tracts (Map 3.5) and the top 10% least vulnerable census 
tracts (see Appendix D). By doing so, the research is able to focus on the regions that are at the 
highest risk for physical property damage as well as social and economic harm.  
Geospatial Statistics 
In order to understand if there is a relationship between these two datasets (land use and 
SVI), I conducted a geospatial statistics analysis as stated above. The results of this process 
indicated census tracts that had a strong relationship between the two variables, land use and 
social vulnerability. Map 3.6 shows the strength of the relationship between land use and 
vulnerability for each census tract that is within the zero-to-ten foot elevation zone. 
  






Map 3.6 - Geospatial Analysis Results (using ArcGIS) 
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The darker shades of red indicate a stronger relationship than the lighter shades of red while the 
darker shades of blue show a weaker relationship than the lighter shades of blue. To effectively 
interpret the results of this map, the study focuses only on the census tracts that show a strong 
relationship between the two variables.  
In addition, the literature review from Chapter 2 will guide the analysis for the 
quantitative results of this chapter. Several authors and nonprofits have illustrated that living near 
industrial zones increases vulnerability towards public health effects and more broadly, towards 
climate change (Maantay, 2001), (Hutson, 2008), (Bautista, 2014). To follow the path of the 
existing research contributions of these authors, I focus on industrial use to explain the results of 
this study and further analyze the industrial use effects on the increasing vulnerability of nearby 
residents towards sea level rise specifically. Map 3.7 overlays existing industrial land use in New 
York City in order to spatially determine which of the studied census tracts could be affected by 
manufacturing zones. 






Map 3.7 - Strongest relationship with Industrial Use overlay 
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The map shows the areas of the greatest amount of industrial use clusters in the South 
Bronx and Queens census tracts. Another land use type identified from the literature review is 
residential use. Scholars have shown that inequitable zoning has negatively affected residents 
from low socioeconomic status (Moser, 2011), (Klinenberg, 1995); therefore, Map 3.8 shows all 
the existing public housing that indicate a high social vulnerability and pose a strong relationship 
towards land use particularly in the Lower East Side, Coney Island, and the South Bronx.  
Map 3.8 - NYCHA Housing 2016 Dataset Over Results 
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As the literature review suggests, industrial and residential use are two possible land use 
types that are related to social vulnerability. Therefore, the following chapters will use 
qualitative research to further discuss industrial and residential use to elaborate on why these two 
land uses contribute to a strong relationship between land use and vulnerability as the results 
suggest. These findings will then provide suggestions for understanding how zoning policies and 
land use regulations can reduce vulnerability towards future sea level rise and storms.  
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Chapter 4. Consequences of New York City’s Industrial Use: Exploring Environmental 
Justice and Sea level Rise in the South Bronx 
 
From the results of the quantitative analysis section, industrial use contributes to a strong 
relationship towards vulnerability. This chapter will expand on the contributions of the highly 
influential paper on the risks of industrial use and its potential effects on environmental health 
and climate change vulnerability in New York City (Bautista et al., 2015). The research sheds 
light on communities of color living near the six areas in New York City that are in Significant 
Maritime Industrial Area (SMIA) zones (special area designation of the NYC Waterfront 
Revitalization Program) (Bautista et al., 2015). From the six SMIA zones mentioned in the 
article, this section will focus on the South Bronx and provide further details about the effects of 
the South Bronx’s zoning changes and the impacts on sea level rise vulnerability.  
With the above theoretical and technical research guiding this chapter, this chapter will 
use qualitative methods in order to gain an understanding of the effects of industrial use on the 
vulnerability of the South Bronx neighborhood. How does this area contribute to increasing 
hazards to nearby residents? Understanding the historical ties between zoning and its effects on 
today’s vulnerability levels as well as land use policy changes is crucial to answering why these 
changes should be a concern to urban planners in regards to sea level rise. 
Overview of Industrial Use in the South Bronx 
The case of the South Bronx as an industrial neighborhood is extremely important since 
the zoning details and SVI composition of this neighborhood can easily be applied to other 
SMIAs with low SVI compositions. The South Bronx is exposed to a significant amount of 
industrial sites and the nearby communities are particularly vulnerable to the risks of those areas. 
A site analysis will better illustrate the consequences of the current zoning-caused risks of the 
neighborhood. Once these zoning policies are identified, then perhaps urban planners can engage 
Land Use And Sea Level Rise Vulnerability in New York City   |   Lia Soorenian 
 
24  
in dialogue to demonstrate ways in which zoning itself can be used differently in order to reduce 
vulnerability towards sea level rise. Who are the populations living in the South Bronx, what 
kind of hazards are they exposed to, and how do these factors and historical segregation affect 
their vulnerability towards sea level rise? Also, what are the zoning changes and resiliency plans 
that are currently taking place in the South Bronx and how do these initiatives address (or 
neglect) sea level rise? 
The Environmental Justice Alliance is a nonprofit who conducts research on the 
accumulated vulnerabilities of communities of color in New York City and provides reports on 
the implications of these risks towards climate change. This group was involved in conducting 
research on the paper that this chapter is based on. Their overarching thesis is as follows:  
“New York City’s industrial waterfront communities have been 
disproportionately impacted by environmental harms and risks associated with 
the clustering of industrial uses and public/private infrastructure located in heavy 
manufacturing zones in and around the SMIAs. Low-income residents, workers, 
and population of colour in these communities are vulnerable to negative health 
impacts due to the potential cumulative toxic risk exposure in the event of storm 
surges, flooding, severe weather, and other climate change impacts” (664). 
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vulnerable to the 
adverse effects of 
sea level rise. 
Based on its own 
research, EJA 
proposed a Waterfront Justice Project that strives to “...reform New York City’s Waterfront 
Revitalization Program (WRP), the coastal zone management tool guiding development along 
the waterfront, and the industrial waterfronts designated in the WRP as (SMIAs)” (668). The 
SMIA zone for the South Bronx is indicated in Map 4.1. 
Several industrial sites in the South Bronx, such as “large industrial waterfronts with 
chemical-manufacturing plants, oil-storage sites and garbage-transfer stations” (The New York 
Times, 2012), increase the vulnerability of the neighborhood in regards to sea level rise since 
flooding can distribute toxic materials into the neighborhoods. These environmental hazards 
contribute to a disproportionate amount of risk to nearby residents (as stated by EJA), which 
raises further questions of environmental justice. This spatial setting is known for exacerbating 
the effects of risks such as floods and the added hazards of air pollution and contaminated 
groundwater and soil as EJA describes. Map 4.2 illustrates the South Bronx SMIA with labeled  
Map 4.1 - The Significant Maritime and Industrial Area in the South Bronx (Source: Environmental Justice 
Alliance, 2016) 




industrial facilities in Hurricane Storm Surge Zones for Category 1 through 4. The work of the 
Environmental Justice Alliance indicates that the residents of the South Bronx who live in a half-
mile buffer of Significant Maritime Industrial Areas (SMIA) are at risk to suffer from the 
harmful effects of the nearby sites. Although the waterfront area of the South Bronx is relatively 
elevated, the site is still at risk of the future consequences of sea level rise since at least some 
portions near the waterfront fall within the designated ten-foot elevation area. In addition, the 
map elaborates the specific types of manufacturing sites that are “a potential site of hazardous 
exposure” in the South Bronx. Some sites include chemical bulk storage facilities, oil facilities, 
Map 4.2 - Potential Sources of Hazardous Exposures and Hurricane Surge in the South Bronx SMIA 
(Source: Environmental Justice Alliance, 2016) 
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waste transfers stations, and toxic release inventory as well as the Hunts Point Food Distribution 
Center. This site is the focus area of this chapter as further details will be provided for assessing 
zoning changes and analyzing resiliency plans. 
South Bronx Hazards Assessment 
In order to discuss possible land use regulations addressing mitigation strategies, this 
section will first illustrate an overall assessment of the current risks of the South Bronx. Many of 
the following environmental hazards tied to industrial use effects contribute to an increased 
amount of risk to nearby residents.  
1. Waste transfer stations: There are nine waste transfer stations in the South Bronx which 
accounts for one-third of New York’s trash-handling stations. The trash is then sent to 
landfills by trucks or rail near the region. 
2. Flooding: The South Bronx experiences less flooding compared to the entirety of New 
York City but there is still significant damage such as property damage, power outage, 
and fire. 
3. Air Pollution: Minority communities and low-income neighborhoods experience a higher 
rate of air pollution that their respective affluent neighborhoods. The residents of the 
South Bronx breathe toxic air particles that contain compounds such as vanadium, 
nitrates and zinc which leads to higher rates of asthma, cardiovascular problems, and 
cancer. 
4. Significant Maritime Industrial Areas (SMIA) The Environmental Justice Alliance (EJA) 
has established toxic industrial hazards and the South Bronx fall under the criteria. These 
sites include chemical bulk storage facilities, major oil storage facilities, and toxic release 
inventory. 
5. Contaminated soil and groundwater: There is 11,000 pounds of hazardous waste in the 
South Bronx such as 5,374 pounds of industrial solvents, 507 pounds of mercury, 100 
pounds of lead and 14 pounds of cadmium that contaminate the soil and water of the 
South Bronx. One of the companies that contributed to this contamination is Loral. 
 
This disproportionate burden in a community of color raises greater questions of environmental 
justice (Pasquel, 2015). How have zoning policies addressed this type of a neighborhood and 
how can urban planners help us use zoning to decrease, rather than increase, these hazards? 
South Bronx Vulnerabilities Assessment 
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The quantitative section of this research relied on the premise of the Social Vulnerability 
Index (SVI), which is based on four themes: household composition, socioeconomic status, 
housing/transportation, and race/language. This data is guided by geospatial research and is 
mostly used for emergency planning and preparedness. We can apply this approach to unpack 
and expand the various vulnerabilities of the South Bronx. This study used the CUNY Baruch 
research to select the census tracts that compose the overall neighborhood of the South Bronx. 
These census tracts include the NYC Bronx Community District 1 & 2 with the neighborhoods 
of Hunts Point, Longwood & Melrose (PUMA, 2010).  
The SVI of the South Bronx is in the highest 4% vulnerability percentile. These 
categories build off the premise of the SVI data and provide greater details that illustrate the 
vulnerabilities of the South Bronx. Table 4.1 demonstrates an overall vulnerability assessment 
based on the selected census tracts of the South Bronx. 
 
Table 4.1 - Vulnerabilities in the South Bronx SMIA (Source: American Community Survey of 2011-2015 data) 
The total population of the South Bronx that is five years and older is 145,699 and the 
neighborhood has a high percentage of elderly residents (at 44%), which increases its overall 
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vulnerability especially since 29.6% of the total householder live alone. Most of the residents 
have health insurance coverage; however, 16% of the population in the South Bronx is not 
covered. The median household income is $22,001 and about two-thirds of the population speaks 
a language other than English and around a third of the population speaks English less than “very 
well.” Compared to New York City, the South Bronx has a disproportionate amount of low-
income, minority residents. The average income for New York City is $53,373 and the African-
American population is 25.5% African-Americans and the Latino population is 28.7% (U.S. 
Census, 2015). The socioeconomic segregation of the South Bronx illustrates the spatial 
disadvantage of the neighborhood as well as its high rates of vulnerability. 
Although the term “vulnerability” has been defined to apply to populations, there are also 
certain physical vulnerabilities as well. For example, 41.5% of housing structures were built in 
1939 or earlier indicating that the residential developments in the area are susceptible to damage. 
Also, most of the developments are of a higher density since 66.6% of housing structures have 
20 or more units. In addition from the South Bronx Community Board 1 meeting in February 
2017, it was clear that the residents benefited from external resources. Nonprofits from different 
sectors offered economic assistance to the neighborhood and residents took advantage of the 
provided services such as free financial advice. A large portion of the attendees lived in NYCHA 
housing from neighborhoods in the South Bronx. These socioeconomic characteristics and 
statistical assessments describe the neighborhood of the South Bronx from a disaster risk point of 
view and set the stage for a greater analysis of possible zoning mitigation strategies. 
History of South Bronx Zoning and Segregation 
The two assessments, hazards and vulnerability, lead to questions on the history of 
zoning in the South Bronx. A historical context shows that the poor neighborhoods in America 
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have experienced inequitable zoning shifts as areas previously residential turned into industrial 
use, “In 1927, violating its normal policy, the commission placed a park and playground in an 
industrial, not residential area, in hopes that this placement would draw black families to seek 
housing nearby” (Rothstein, 2014, 8). Being a low-income neighborhood, the South Bronx 
experienced these zoning changes in the 1960s as the area became a place for industrial use to 
expand (Angotti, 2008).  
The neighborhoods most affected were low-income communities of color that 
were already facing epidemics of asthma and respiratory disease that were linked 
to existing and new polluting facilities. Whether there was conscious racial 
discrimination on the part of the planners is secondary. The effect of their actions 
and inactions was to reinforce structural racism, which is based not on individual 
or institutional behavior but on “inter-institutional arrangements.” (30) 
 
The emergence of the 
intersection between industrial 
and residential use paved the 
path for the beginning of the 
environmental justice 
movement. After zoning for 
manufacturing land, “you had a 
lot of working class 
communities that were solid 
residential that were all zoned 
M from one end to the next. The idea was that the residential uses would just go away” (qtd. 
Maantay, 2002, 577). Clearly, this idea was never realized as Table 4.2 shows the increasing 
amount of minority populations living near manufacturing zones in the Bronx (Maantay, 2002). 
Community planning was the backbone of the movement and several nonprofit organizations 
Table 4.1 - Increasing number of minorities living in the South Bronx from 1960-90 (Source: 
Maantay, 2002) 
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such as the South Bronx-based group, Nos Quedamos, were the results of the struggle against 
urban renewal and noxious land use. What are some of the historical implications of South 
Bronx’s land use segregation and additional threats from sea level rise? The South Bronx is 
currently facing these additional challenges of climate change. 
A supplementary issue to noxious land use that exacerbates the concept of inequitable 
zoning is elevation: “Low-lying areas have been developed largely by industry due to their 
proximity to water and rail transportation; low-income groups live there to be close to their 
places of work” (Brisbane, 2014, 9). These links question the socially repressive intentions of 
zoning and land use in the South Bronx. If zoning is the cause of the increase in vulnerability of 
today’s minority residents then who is responsible for enforcing solutions? 
Land use regulations can be a tool to either exacerbate or reconcile these problems as 
CUNY Professor Juliana Maantay (who has done influential work on South Bronx and 
Environmental Justice) highlights, “Zoning policy, it will be argued, can have adverse impacts 
on public health and equity, by disproportionately burdening poorer and more minority 
populations with noxious or environmentally risky land uses” (Maantay, 2001, 63). Until 
recently, environmental justice has encompassed a bias in zoning and funding priority within 
public health hazards and environmental concerns. Today, there is another wave of negligence as 
urban planners disregard climate justice and sea level rise in comprehensive plans and land use 
regulations. 
Current Mitigation Strategies: Comprehensive Plans & Zoning Amendments 
The two described assessments as well as the zoning history of the South Bronx 
demonstrate a need for transformative uses of land use regulations in regards to industrial use. 
Also, there is no doubt that sea level rise is a concern in the South Bronx. The “Coastal Zones” 
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chapter of the ClimAID Report illustrates the urgency of sea level rise in the South Bronx as they 
mention the rapid loss of salt marshes in Pelham Bay (ClimAID, 2014). Therefore, with this 
urgency as well as the additional risks of industrial use in mind, many different resiliency plans 
formulated by city planners and nonprofits strive to provide solutions for this neighborhood. 
With an increased vulnerability towards sea level rise, the South Bronx requires special attention 
in mitigation strategies. This section will discuss the current approaches, such as comprehensive 
plans and zoning amendments, to addressing this issue. But what are the priorities of these plans 
and do they address both sea level rise and environmental justice? How is land use, and more 
specifically industrial use, viewed? 
In the past six years, The City of New York has implemented several annual 
comprehensive plans and sustainable zoning amendments that have strived to address climate 
change and environmental justice. These include: PlaNYC, OneNYC Plan, Flood Resilience 
Zoning Text Amendment, Zone Green Amendment, 80x50, Coastal Zoning Management 
Amendment (CZMA), New York City Waterfront Revitalization Program (WRP), and Raised 
Shorelines (OneNYC, 2016). However, industrial use is often times neglected or completely 
disregarded from these initiatives. Although flooding and climate change in general is addressed, 
sea level rise is excluded from flood projections. In the lecture, “Ensuring Urban Resilience: 
Come Hell or High Water” during Climate Week at Columbia University, Executive Director of 
EJA Eddie Bautista suggests that we must “rebuild in a way that takes into account the fact that 
impact is different and not in a way that’s ‘smart’ or ‘adapts.’” This recommendation is 
completely ignored in mitigation strategies as comprehensive plans treat all New York City 
neighborhoods similarly without taking into account different levels of vulnerability, land use 
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types, and historical 
implications of specific 
communities. The 
mentioned regulations 
and plans are treated as a 
“one glove fits all” 
remedy towards sea level 
rise. 
The mentioned 
policies do not 
encompass concrete environmental justice issues as Oceanographer Philip Orton comments in 
the New York Times, “The efforts by New York City to adapt the city to flood risk, post-Sandy, 
have been intense, but are not protecting most of the city.” His examples show that priority 
funding is granted to protecting Lower Manhattan through the construction of the Big U, while 
the region in Hunts Point, a large food distribution district, is underfunded ($20 million versus 
$335 million). Eddie Bautista also emphasizes the lack of Hunts Point resiliency funding and 
mentions that sea level rise in the Bronx is a regional problem because communities of color are 
more vulnerable. However, regulations such as the Waterfront Revitalization Program (WRP) 
does not incorporate environmental justice considerations into sea level rise zoning policies such 
as: “Integrate consideration of climate change and sea level rise into the planning and design of 
waterfront residential and commercial development, pursuant to WRP Policy 6.2” (WRP, 2016). 
These contradicting examples bring back concerns specific to climate justice issues within 
environmental justice literature.  
Map 4.3 - Hunts Point Site (Source: Rebuild By Design, 2014) 
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In addition, an interview with a City Planner at the DCP revealed that the South Bronx 
environmental justice projects addressed public health in terms of air pollution from excessive 
truck traffic but there was no dialogue on sea level rise. These failed attempts beg the question: 
Should protecting commercial sites be a priority in terms of funding and investments? And how 
can the South Bronx benefit from the 
implementation of equitable land use regulations 
that address sea level rise? 
On the more local scale, there have been 
several South Bronx-associated nonprofits who 
have taken action to produce resiliency plans that 
address sea level rise such as the Environmental 
Justice Alliance and THE POINT CDC (as a part 
of the South Bronx Community Resiliency 
Agenda). They gather local knowledge (Corburn, 
2002) and rely on public participation as an 
important part of data collection. These initiatives 
promote resiliency through community 
engagement processes. 
Today, the South Bronx is undergoing yet 
another wave of zoning changes. However, rather 
than the previously discussed change from residential to industrial, the reverse is occurring. 
Manufacturing zones are undergoing a shift towards residential use. Since most industrial 
businesses cannot afford the raise in rent, Mayor Bloomberg initiated the Industrial Business 
Map 4.4 - Zoning Changes, South Bronx (Source: Department 
of City Planning, 2017) 
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Zones program that provides credit for current industrial businesses to relocate (City of New 
York, 2005). This rezoning process goes through a Uniform Land Use Review Procedure 
(ULURP) application procedure that changes the zones from manufacturing to residential. 
Therefore, developers have the opportunity to build high-density apartment buildings. What does 
this mean for both, possible gentrification and for new risks, from sea level rise vulnerability? 
According to the map produced by the Department of City Planning on January 30, 2017, there is 
an M1 manufacturing zone that is being proposed to change to an R8A residential area–a high-
density zone with ten to twelve-story apartment buildings as seen in Map 4.4. The South Bronx 
zoning changes resemble the previously mentioned concept of real estate-steered zoning. When 
zoning changes are convenient for generating profit, other priorities such as “protecting 
residential communities from the negative by-products of industrialization and commercial 
development" (Dubin, 1993, 798) become secondary. 
South Bronx Policy Recommendations: Zoning Changes and Climate Justice 
The historical context and quantitative analysis of the South Bronx suggest the need for 
the following policy changes: the incorporation of sea level rise and environmental justice issues 
into industrial land use regulations. For instance, land use regulations could provide the 
opportunity for a more long-term solution for the Hunts Point project by Rebuild By Design 
(RBD). The proposal incorporates environmental justice issues by taking into consideration both 
social and physical vulnerability and pointing out that “the South Bronx is the poorest 
congregational district in the city” (26). However, RBD’s flood maps are mostly reliant on 
FEMA’s 100-year projections, which assume a 31-inch sea level rise by 2050 on the basis of the 
2013 SIRR report. A land use policy implementation plan that requires a higher safety margin 
based on the NPCC projections out to 2100 could offer a more long-term solution towards design 
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proposals. Also, compared to the Big U project, many environmental justice advocates suggest a 
bias in prioritizing funding for the two proposals (that are associated with different 
socioeconomic levels) and an increase in investments as previously suggested would help lessen 
the disparities. 
Another example would be to guarantee the safety of residents through every ULURP 
change from a manufacturing to residential zone. Public participation is oftentimes inadequate 
when formulating sustainability methods within comprehensive plans (Jabreen, 2013) and the 
South Bronx as a low-income neighborhood has been neglected in these procedures such as 
PlaNYC (Markey, 2007). A more robust public participation process can be achieved by 
strengthening the voice of the local residents through public meetings and civic engagement. 
This is not to say that public involvement can be equated with public influence. The strength of 
the residents of the South Bronx must be effective enough to 1) pressure government officials to 
change land use regulations and 2) implement their input in the Hunts Point project headed by 
Rebuild By Design. In doing so, there will not only be a transformative change to land use but 
also a just one.  
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Chapter 5. The Role of Agency, and a Resiliency Perspective Toward Sea level Rise 
Vulnerability: Low and High Residential Densities 
 
 According to this study’s geospatial analysis, residential use seemed to indicate a strong 
relationship between land use and social vulnerability towards sea level rise. To further expand 
on this relation, this chapter unpacks different types of residential use in order to identify 
vulnerability indicators and provide solutions for these findings. An analysis of the large 
spectrum of densities within residential use can provide insight, as well as an alternative 
perspective, towards strengthening mitigation strategies that aim to protect housing from 
potential storms and sea level rise. In order to do so, I will analyze the socioeconomic patterns 
and then the recovery rate for both high-density and low-density residential use in order to 
understand the spectrum of residential densities. How does vulnerability change throughout this 
spectrum? How do resiliency plans differ for these densities? The purpose of this chapter is to 
offer a different lens in understanding sea level rise vulnerability by identifying the effects of 
densities within residential use and applying this information to the current sea level rise 
mitigation strategies such as zoning amendments and buildings codes.  
Land Use And Sea Level Rise Vulnerability in New York City   |   Lia Soorenian 
 
38  
Low-density and high-density 
residential developments have different 
types of vulnerabilities and the two 
categories cannot be divided into a binary of 
“less vulnerable” and “more vulnerable.” 
However, a pattern can be identified in order 
to use densities as a point of analysis when 
creating sea level rise resiliency policies 
based on zoning amendments. Figure 5.1 
Figure 5.2 - A comparison of number of buildings 
versus square footage of residential land use in 
the 100-year flood zone in New York City. (Source: 
Department of City Planning, 2013) 
Figure 5.1 - Total Percentage of Residential Land Use Type in NYC 
2014 (Source: PLUTO Dataset, 2014) 
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shows that the total percentage of low-density single-family homes in New York City is 22% and 
the greatest amount (38%) is multifamily elevator buildings. The number of one-to-two family 
buildings from this total that fall within the 100-year FEMA flood zone map are 48,591 and 
1,072 for multi-family elevator buildings (see Figure 5.2). However, the amount of floor area in 
the 100-year flood zone is much larger at 102 million square feet as opposed to 76.5 million 
square feet. The following sections will further explore these differences and compare these 
findings to the current sea level rise zoning amendments. 
Socioeconomic Profiles of High and Low Residential Densities 
 In order to understand how different types of housing affect the relationship between land 
use and vulnerability, this section will first paint a picture of the general socioeconomic patterns 
of housing associated with low and high-density residential land use types. For the purposes of 
this chapter, I focus on NYCHA developments as an example of high-density housing and 
single-family homes as low-density housing. An assessment of the type of densities will help 
answer questions of vulnerability and resiliency.  
First, high-density housing is more complicated in that it is associated with a broader 
spectrum of income levels. One example of high-density developments is New York City’s 
public housing, which has historically been criticized for its failure to provide for its residents 
(Friedman, 1966). The New York Housing Authority (NYCHA) is the city’s affordable housing 
provider and their developments are mostly considered to be high-density as the NYCHA Fact 
Sheet describes, “If NYCHA was a city, it would rank 31st in population size in the United 
States, with New York City ranked first (as per July, 2014 U.S. Census Estimate)” with more 
than 400,000 residents. Table 5.1 shows the racial demographics of residents living in public 
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housing in New York City by borough for the year 2016. The majority of families come from 
Black or Hispanic backgrounds with a total of 77,384 and 76,438 respectively. 
 
Additionally, the total population of NYCHA residents living in the 10-foot study area is 
231,447. The average percentage of minorities living in New York City public housing is 76% 
(Affirmatively Furthering Fair Housing, 2014). In addition, 27% of NYCHA housing (PLUTO, 
2014) lies within the ten-foot elevation zone used in this study. Table 5.2 focuses on three 
neighborhoods including the Lower East Side, the South Bronx, and Red Hook, all of which fall 
within the study area and breaks down the number of residents by NYCHA developments. Given 
these statistics, public housing is a significant factor in high-density housing and requires a great 
amount of attention in land use regulations. 
Table 5.1 New York City Public Housing Demographics (Source: NYCHA, 2016) 





Developments (Lower East Side) Total Population Developments (Red Hook) Total Population
RIIS 2,745 Red Hook East 3,002
RIIS II 1,296 Red Hook West 3,287
RUTGERS 1592 Total Population 6,289
SMITH 4238
TWO BRIDGES URA (SITE 7) 629 Developments (South Bronx) Total Population
LA GUARDIA 2,512 MITCHEL 4109
LOWER EAST SIDE II 458 MOORE 1130
LOWER EAST SIDE III 192 MOTT HAVEN 2585
LOWER EAST SIDE REHAB (GROUP 5) 122 PATTERSON 4362
VLADECK 2,975 BETANCES I 710
VLADECK II 548 BETANCES II, 9A 102
WALD 4,120 BETANCES III, 9A 85
BARUCH 5,107 BETANCES IV 769
BRACETTI PLAZA 266 BETANCES V 317
CAMPOS PLAZA II 515 BETANCES VI 379
Total Population 10,500 Total Population 14,548
Total Population (LES, RH, SB) 31,337
Total Population of NYCHA Developments in the 10-Foot Zone by Neighborhood
Table 5.2 Total Population of NYCHA Developments in the 10-Foot Zone by Neighborhood (Source: NYC Open Data, 2016) 




Map 5.1 Single Family Homes Over Socioeconomic Status NYC 2014 (Source: SVI, 2014; PLUTO, 2014)  
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On the other hand, in New York City, 18% of the total units are single-family 
homeowners with one or two units and 27% of all units are 1 or 2 units (U.S. Census Bureau, 
2014). The average percentage of minorities living in New York City public housing is 76% 
(Affirmatively Furthering Fair Housing, 2014). The total number of single unit, owner-occupied 
housing is 579,657 and the total number of two unit, owner-occupied housing is 517,584. Low-
density, single-family residential use is associated with higher income levels. The average 
median income for conventional homeowners is $76,000 which is higher than the median income 
of the total occupied units in New York City, which is $50,376 (U.S. Census Bureau, 2013). A 
large portion of homeowners, around 37%, are between the “$100,000 to $150,00 and more” 
income bracket as seen in Figure 5.3 and Map 5.1 shows a visual representation of the spatial 
distribution of single-family homes where the socioeconomic status index is indicated for each 
census tract. From this map, it is clear that single-family homes are not in census tracts with low 
socioeconomic status as indicated by darker shades of green.  
 
Figure 5.3 - Household Income of Homeowners in NYC 2014 (Source: New York City Housing and Vacancy Survey 2014 
dataset) 
























Household Income of Homeonwers in NYC 2014
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Zoning History: The Consequences of Separating Low and High-Density Residential Use 
The history of exclusionary zoning is crucial to understanding the current issue of spatial 
justice. Although Community Development Corporations (CDC) have made many efforts to 
curtail exclusionary zoning and redlining throughout history (Rohe, 2009), similar forms of 
racial segregation exist today (as mentioned in Chapter 4). In residential use specifically, spatial 
justice comes into play as low-density, single-family homes were zoned “exclusionary,” 
preventing the development of other uses in the area (Mangin, 2014). This concept is labeled as 
“home-and-hearth,” which “helped state and federal judges, typically drawn from the same social 
spectrum as suburban homeowners, to suspend their scruples about the new zoning laws’ effect 
on segregating people by their station in life” (Fischel, 2004). However, it is uncontroversial to 
urban planners that this type of zoning only protects wealthy residents while excluding low-
income residents from voting and other types of resources (Mangin, 2014). These zoning 
practices placed high-density developments for low-income populations at a spatial 
disadvantage. Some policy tactics related to housing advocacy planning that attempt to reverse 
this outcome in low-income neighborhoods include: placing a moratorium on new development, 
implementing downzoning, and creating affordable housing as an exclusionary zone (Newman, 
2008).  
Furthermore, zoning has historically been steered by the real estate market. Each type of 
land use is seen as a competing market and zoning is used as a tool to cater to this system: 
“Zoning for the purposes other than the protection of properties from externalities has been 
dubbed by OWW (Ohls, Weisberg, and White, 1974) as fiscal zoning...single-family housing is 
likely to be more expensive because of fiscal zoning” (Jud, 1980). Evidently, both fiscal zoning 
and externality zoning is guided by profits. In addition, the zoning history of public housing in 
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New York City illustrates an explanation for the cause of the contemporary socioeconomic 
trends as well as the current hazards that the residents face today. Looking beyond redlining, 
blockbusting, and real-estate steering, zoning helped further racial segregation with the use of 
public housing: 
Part of the National Industrial Recovery Act, the Public Works Administration 
(PWA) housing efforts were headed by a confidante of President Franklin D. 
Roosevelt, Harold Ickes, who specified a “neighborhood composition rule”: 
Public housing projects could not alter the racial composition of neighborhoods in 
which they were located. Projects located in white areas could house only white 
tenants, those in black areas could house only black tenants, and projects in 
integrated neighborhoods could be integrated. Going further, the PWA segregated 
projects even in neighborhoods where there was no such previous pattern 
(Rothstein, 2014, 10.) 
 
Therefore, from the beginning of the development of public housing, the spatial locations of the 
buildings were chosen with a bias. In this case, zoning was used as a reactive tool to segregate 
and isolate an entire population in an unsafe location. Unfortunately the ramifications of zoning 
is seen today as “...an estimated 54,000 residents live in some 250 buildings that are in the 100-
year floodplain. By 2050, that number is expected to double, to 106,000 residents in 530 
buildings. NYCHA cannot wait until the next super storm, or other climate disaster, to start 
planning” (NYCHA Next Generation, 2016). Residential zoning history illustrates how public 
housing, as a type of high-density development, has become more and more vulnerable to 
climate change through its history of segregation and a zoning bias that benefits low-density 
housing. 
Case Studies on Different Types of Densities and Recovery From Hurricane Sandy 
The above spatial justice narrative sets the stage for understanding the reasons behind the 
successes and failures of Hurricane Sandy recoveries of the two residential density types. 
NYCHA’s response and recovery period can provide insight on the degree of high-density 
Land Use And Sea Level Rise Vulnerability in New York City   |   Lia Soorenian 
 
46  
resiliency. At the New York City Council Meeting on resiliency & public housing on February 
28, 2016, several NYCHA resident representatives reported on the current hurricane-induced 
conditions of the buildings. A resident representative from the Carroll Gardens development 
elaborated on the horrific conditions that the tenants must face: 
“We are still lost in the aftermath. Playgrounds continue to play and sand and 
mildew are built up there. There’s smell of mildew in the community 
center...leaking rooms...wooden benches never cleaned of feces, but rather painted 
over. Entrance doors are deteriorating...smoke comes out of boilers...paint is 
coming off of the walls. Sometimes the heat reaches ninety eight degrees. People 
have asthma attacks and nose bleeds…one million dollars came from FEMA to 
Carroll Gardens, so when will construction begin?” 
 
NYCHA’s response to Hurricane Sandy was ineffective and the residents still experience the 
disaster’s repercussions as they face public health violations. To call this process a “recovery” 
would be generous. There were also major complaints about the lack of community engagement, 
which created conflict between the residents and NYCHA: 
“The first floor apartments had work done but now it’s falling apart. We were not 
at the table when you (NYCHA) were deciding on the work that needs to get 
done. There’s also no inclusion in the workforce. You should’ve hired residents 
under the contract. Now you bring to us local unions and you’re not hiring inside 
people which is causing friction. I think it’s unfair and I think NYCHA needs to 
sit down with our resident leaders and listen.” 
 
Unfortunately, NYCHA as a high-density development landlord, failed to make decisions that 
would involve all residents interested in participating, and they also failed to provide adequate 
solutions to the damage. Given the grievances from this meeting, the NYCHA residents seem to 
lack a significant amount of agency that could have resulted in a more successful recovery and 
perhaps a stronger resiliency plan as discussed below. 
Today, a total of two hundred nineteen buildings remain damaged. FEMA funded the 
entire $3 billion budget (the largest single FEMA grant ever awarded) and only $423 million was 
spent as of October 2016 (NextGen, 2016). Given the slow procedure of the recovery, the 
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program has been unsuccessful in providing a safe living space for the residents. Furthermore, 
official reports have criticized the recovery of NYCHA’s high-density developments claiming 
that the residents suffer from a number of hurricane-caused building hazards (Goodson et al., 
2016). Several NYCHA developments were impacted by the superstorm and some examples of 
renovation projects include: 
1) The Astoria public housing developments that house 3,180 residents at 1,104 
residential units with an estimated renovation cost of $88,053,000;  
2) The Coney Island NYCHA developments that house 1,080 residents with 375 
residential units had an estimated renovation cost of $40,899,000;  
3) The Oceanside NYCHA developments housed 852 residents with 417 
residential units and had an estimated $66,983,000 costs of renovation.  
 
To support these FEMA-funded projects, NYCHA released its NextGen program that strives to 
“flood-proof” its buildings through different initiatives as they plan to, “Install natural gas-fired 
back-up generators,” and “Raise vulnerable systems like mechanical, electrical and plumbing out 
of basements and relocate above the design flood elevation” (NextGen, 2016) The plan also 
mentioned initiatives to reduce GHG emissions for the “80% by 2050” goal (OneNYC, 2016) as 
a part of climate change resiliency plan; however, sea level rise was not addressed. 
 Compared to NYCHA, low-density housing has had a different experience with 
Hurricane Sandy recovery. The New York City municipality responded to the damages of 
Hurricane Sandy through a strong push to create programs to help single-family households 
recover their properties. FEMA added new areas to the flood maps in order to cover more 
neighborhoods that were affected from the flood, and federal, state, and city buildings codes 
were modified in order to meet new zoning requirements. Programs such as Build It Back were 
established in order to help homeowners meet these new requirements and encourage elevating 
their homes. In order to qualify, FEMA required that 50% of the damage cost must be at least 
50% of the total home value. However, the city was not able to prevent all homes from losing 
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their market rate value since the cost of repairing some homes was not feasible. Therefore, this 
program contributes to vulnerability because it is focused on short-term solutions. 
 The socioeconomic patterns within the qualitative supplements of this study show that 
several neighborhoods composed of single-family single units that were affected were high-
income. This includes wealthy gated communities such as Breezy Point, Edgewater, and Seagate. 
Amy Peterson, the director of Build it Back, said during a presentation, “A better advocacy and 
stronger political drive helped these communities recover more quickly in the ways that they 
preferred.” This type of residential use formed a tight-knit, co-op of a community with a great 
amount of resources and a strong political voice; therefore, their recovery rate was faster than 
compared to the currently ongoing NYCHA recovery process.  
 In a meeting with Red Hook residents affected by Hurricane Sandy, the conversations 
about the resident’s recovery process painted a similar picture to Amy Peterson’s professional 
experience. It was clear that the community living in low-density housing, and coming from a 
higher socioeconomic background, had access to many types of resources such as water pumps 
and flood insurance to aid their recovery process. They also had a strong political voice within 
their neighborhood; although there was frustration within the dialogue, they had a relatively 
higher success recovery rate compared to NYCHA residents since their homes were eventually 
renovated and a few elevated. However, this is not to say that all single family homes in New 
York City recovered quickly since less than 50% of residential buildings did not have flood 
insurance and four hundred homes were bought out (SIRR, 2013). Therefore, the bureaucratic 
insurance process was extremely tumultuous for homeowners and for those who lost their homes, 
it was life changing.  
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 Through the described observations on low-density recovery as well as the provided data 
on socioeconomic trends, low-density residential uses have a greater level of agency, and 
therefore their ability to recover is higher than high-density residential types. However, both 
single-family homes and NYCHA resiliency plans fail to address long-term solutions. The 
question is how should we prioritize different types of densities in a way that considers the 
variation of the levels of agency and sustainability? How can changing land use regulations and 
zoning laws cater to such questions of environmental justice? 
Analysis of Current Plans and Initiatives 
 The Build It Back program, addressing low-density homes, raises issues of long-term 
versus short-term recovery. As mentioned in Chapter 2, Mike Davis refers to the concept of 
“bouncing back” as a problematic recovery tactic, and the Build It Back program can be 
compared to his example of the 1992 Los Angeles earthquake (Davis, 1999) Davis criticizes the 
quick recovery of freeways for the sake of continuing the economic cycle of the city. The post-
Hurricane Sandy low-density recovery can be identified as this same type of “disaster amnesia” 
since the City of New York was quick to respond through a short-term, profit-oriented 
perspective in order to get the homes back to market rate. This recovery type runs parallel with 
the concept of creative destruction as the process of low-density recovery is economically 
motivated (Harvey, 2007). Unfortunately, this process does not decrease the resident’s 
vulnerability, but rather, it allows for the persistence of accumulating risks. Therefore, the Build 
It Back program for single-family recovery does not take into consideration the increasing 
effects of sea level rise vulnerability. 
Similarly, the current proposed resiliency plans by the NYC DCP are also focused on 
short-term solutions rather than sustainable ones and some of their projects include: The 
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Waterfront Revitalization Program, Resilient Neighborhoods - Gerritsen Beach, and Sustainable 
Communities. These projects fail to propose both long-term solutions as well as environmental 
justice issues. Moreover, the question of costs and value must be addressed as a city planner 
mentions in an interview: “If one homeowner under low-density housing flood-proofs their 
property, the costs are going to be significantly high. However, if a high-density development 
flood-proofs their property, yes the costs will be higher, but the long-term benefits are greater” 
(City Planner, 2017). Again, focusing on residential densities can help urban planners review the 
value of each investment and therefore be better able to make cost-benefit decisions. 
And lastly, some organizations consider environmental justice issues within different 
levels of densities. The merged group of committees, Alliance For A Just Rebuilding, considers 
the long-term sustainability process as an opportunity for reducing socioeconomic disparities 
(Rebuild A Just New York, 2014). In their report, they demand accountability and inclusiveness 
in order to address the needs of low-income communities through climate change mitigation 
efforts. Inclusion brings forward issues of agency. As more low-income residents partake in 
long-term mitigation efforts, they will have a greater capacity to control the direction of 
resiliency plans towards more sustainable and equitable climate change solutions. There is also a 
strong push from the environmental justice nonprofit, WeAct, for social equity through resiliency 
methods based on the NPCC framework (NMCA, 2015). The work and ethos of these 
organizations are valuable, and their frameworks present possible tools for implementing 
equitable, land use-related mitigation efforts. 
In terms of current resiliency plans, the DCP does not incorporate this component and 
fails to address long-term solutions that include environmental justice issues. FEMA also fails to 
consider long-term projections of sea level rise in their flood maps and does not enforce long-
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term solutions as a conditional aspect of their $3 billion grant that was awarded to NYCHA. 
Also, understanding risk through insurance rates is not a sustainable plan for sea level rise. 
Implementing short-term plans such as the Build It Back program or continuing business as usual 
will only exacerbate the problem. 
As illustrated in this chapter, residential densities and their corresponding socioeconomic 
patterns are critical indicators in determining vulnerability levels and the potential for an 
adequate recovery. When approaching mitigation measures, urban planners must attentively 
consider the mentioned differences between low and high-density developments. This includes 
considering the wide spectrum of agency between NYCHA residents and single-family 
homeowners and their aptitude as actors towards disaster recovery and climate change adaptation 
efforts. Consequently, public participation will be more inclusive and robust if residents have the 
opportunity to instigate more rigorous dialogues on sustainability and long-term planning. This 
perspective will provide the necessary tools for applying the most effective mitigation strategies 
to each residential density type. As a result, policy makers will have a better understanding of 
environmental justice issues and direct policies to areas where risk is distributed at greater 
intensities. 
  
Land Use And Sea Level Rise Vulnerability in New York City   |   Lia Soorenian 
 
52  
Chapter 6. Conclusion and Policy Recommendation 
In parts of New York City, land use, specifically industrial use and residential use, has a 
strong relationship to sea level rise vulnerability. This largely stems from inequitable zoning, a 
lack of participation and agency in certain neighborhoods, market-driven forces, and profit-
driven land use regulations. Unfortunately, the City of New York has not reached its full 
potential to adequately address the issue of environmental justice and the unequal distribution of 
risk; therefore, the resiliency plans mentioned in the previous chapters are based on short-term 
strategies rather than sustainable solutions. The frameworks of the nonprofits, including 
Environmental Justice Alliance and WeAct, discussed in this study are examples of 
transformative mitigation strategies that are focused at least incrementally more on long-term 
plans because they address social disparities that will need time to be reduced, if not eliminated. 
By doing so, they understand that risk is not distributed equally and that spatial justice can aid 
sustainable adaptation efforts.  
The traditional concept of zoning was intended to separate land uses for the protection of 
the general public. However, the real estate market, more than anything, has steered the direction 
of zoning, reinforcing biases. Unfortunately, this inequitable use of zoning has accumulated risks 
and increased vulnerabilities for people of color, minority groups, and low-income populations. 
As marginalized communities have experienced greater environmental health hazards from this 
bias, there is a now a very urgent concern of the future consequences of sea level rise. The 
findings of this study suggest that urban planners must provide the greatest amount of attention 
to industrial and residential use and thereby help the political process to implement positive 
changes, rather than support the status quo. 
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The two land uses, residential and industrial, can be the platform for integrating 
environmental justice issues into zoning amendments. Since risk is not distributed evenly, urban 
planners can use industrial and residential use as a guide for adapting transformative zoning 
amendments. Living near industrial use is understood to be a spatial justice issue as i t increases 
in many instances the vulnerability towards sea level rise of nearby residents. The South Bronx is 
an important case study to analyze in order to gain insight on addressing manufacturing and 
commercial zones. Conducting hazard and sea level rise vulnerability assessments and 
identifying the historical implications of industrial/commercial use for a certain SMIA zone prior 
to changing its zoning change is the step first to transformative change. Thus far, the DCP does 
not require such a strict procedure as its previously mentioned programs and legal processes omit 
environmental justice issues. The voices of climate justice advocates, on the contrary, consider 
the risks of sea level rise vulnerability to be disproportionately a burden for the poor, and they 
demand policies that address this risk inequality. More than anything, they strive to shift the 
focus to communities who are the most at risk. The findings of this example can be applicable to 
other SMIA zones (outside the South Bronx) as well.  
Residential use is packed with equity challenges related to zoning. The most significant 
component to consider for residential use is the wide spectrum of density levels. As Chapter 5 
reveals the socioeconomic patterns commonly associated with each residential type, it becomes 
clear that high-density public housing is at a higher risk of sea level rise and flooding. NYCHA 
housing resiliency plans fail to be inclusive in the decision-making process and their retrofitting 
plans do not sufficiently address the needs of the residents. Regardless of the density type, 
today’s sea level rise and flood mitigation strategies aimed towards residential use are extremely 
short-term solutions. 
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Urban planners should focus on spatial and climate justice issues related to these two land 
use types. As a result, the City of New York can implement long-term mitigation strategies that 
work towards reducing the vulnerability levels of low-socioeconomic-status residents who bare a 
disproportionate amount of risks by living near industrial areas or in high-density public housing 
and, hence, disproportionately in low-lying neighborhoods subject to sea level rise and coastal 
storm surge flooding risks. 
Overall Policy Recommendations: Mitigation Strategies 
 As demonstrated in Chapters 4 and 5, there are vital components that are missing from 
New York City’s zoning amendments, building codes, and land use regulations. Below are a few 
policy recommendations that aim to provide transformative mitigation strategies based on 
previous findings. How can we use industrial and residential use as the focal point of a climate 
justice-based mitigation plan? And how can zoning and land use regulations be used as tools to 
creating this framework to achieve the above goal? 
To begin, incorporating sea level rise into flood maps is the first and most important step 
to beginning mitigation strategies. As mentioned by the Metropolitan Waterfront Alliance, 
updating the current flood maps to the New York City Climate Change Panel (NPCC) sea level 
rise projections would protect land use more effectively (Waterfront Resiliency and 
Revitalization, 2013). As a result, urban planners and policy-makers will have strict guidelines to 
gain a better sense of whether or not newly proposed waterfront projects will be safe and for how 
long. 
 Additionally, climate change and environmental justice must be thoroughly incorporated 
into the structure of New York City’s land use regulations. For new development and infill 
opportunities, developers must undergo stricter building requirements in order to cater to sea 
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level rise scenarios. City planning procedures such as Environmental Impact Statements (EIS) 
include socioeconomic and flooding factors; however, they are seen as two independent, separate 
chapters and EIS reports exclude climate change factors such as sea level rise. The 100-year 
FEMA flood zone maps that EIS reports are based on do not take sea level rise into account as 
the previously mentioned authors had pointed out in Chapter 4. Incorporating sea level rise into 
the FEMA maps will increase the number of vulnerable zones, and it will also provide a more 
realistic vision of unsafe areas of the future. 
 Also, the ULURP manufacturing and residential zoning change procedure would better 
serve all populations if it included public participation that could impact the decisions of urban 
planners and developers. Public engagement is also applicable to any major resiliency 
infrastructure development as discussed in Chapter 4. For example, the funding distribution of 
the resiliency projects is telling that there is a bias in the socioeconomic preference of the City of 
New York. 
 Understanding that the negative impact of sea level rise is not distributed equally across 
New York City is key to establishing just and sustainable zoning amendments. One way of doing 
this is to designate special purpose districts that are especially vulnerable (such as the South 
Bronx or NYCHA housing) and set tighter restrictions on development in this or similarly risky 
areas. Performance-based zoning could set the platform for the framework of these new sets of 
rule and require public engagement throughout the process of new projects. Because there is a 
disconnect between vulnerability of sea level rise and zoning amendments, land use has in the 
past steered towards profits, rather than social justice equity. These issues are extremely 
important and yet are missing to date from the zoning framework. 
Land Use And Sea Level Rise Vulnerability in New York City   |   Lia Soorenian 
 
56  
 This study attempts to address the often-overlooked problem of spatial justice and points 
towards possible land use regulations as a solution for future resiliency plans. New zoning 
amendments have the potential to reduce risks, but until now, they have failed to address 
environmental justice through long-term planning. Are there ways to use zoning as a tool in sea 
level rise mitigation efforts? If zoning has had a large impact throughout history, then what are 
the limits of zoning and how effective is it for spatially disadvantaged neighborhoods? Before we 
know the potential of zoning and land use regulations, there must be further research and 
attempts at equitable policy integration. Even if zoning cannot fully solve the problem, the 
problem itself is inescapable. 
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Appendix E: Complete List of Interviews Conducted 
 
Columbia University (PhD Student) 
Department of City Planning (Urban Planner) 
Earth Institute (Professor) 
Environmental Justice Alliance (Urban Planner) 
New York City Council Meeting; Resiliency & Public Housing (Meeting) 
Office of Emergency Management (Meeting) 
Project Urbanista (Urban Planner) 
Red Hook Resident (Meeting) 
South Bronx Community Board (Meeting) 
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